Cis/trans isomerization in HIV-1 capsid protein catalyzed by cyclophilin A: insights from computational and theoretical studies.
A network of protein vibrations has recently been identified in the enzyme cyclophilin A (CypA) that is associated with its peptidyl-prolyl cis/trans isomerization activity of small peptide substrates. It has been suggested that this network may have a role in promoting the catalytic step during the isomerization reaction. This work presents the results from the characterization of this network during the isomerization of the Gly89-Pro90 peptide bond in the N-terminal domain of the capsid protein (CA(N)) from human immunodeficiency virus type 1 (HIV-1), which is a naturally occurring, biologically relevant protein substrate for CypA. A variety of computational and theoretical studies are utilized to investigate the protein dynamics of the CypA-CA(N) complex, at multiple time scales, during the isomerization step. The results provide insights into the detailed mechanism of isomerization and confirm the presence of previously reported network of protein vibrations coupled to the reaction. Conserved CypA residues at the complex interface and at positions distal to the interface form parts of this network. There is HIV-1 related medical interest in CypA; incorporation of CypA, complexed with the capsid protein, into the virion is required for the infectious activity of HIV-1. Interaction energy and dynamical cross-correlation calculations are used for a detailed investigation of the protein-protein interactions in the CypA-CA(N) complex. The results show that CA(N) residues His87-Ala-Gly-Pro-Ile-Ala92 form the majority of the interactions with CypA residues. New protein-protein interactions distal to the active site (CypA Arg148-CA(N) Gln95 and CypA Arg148-CA(N) Asn121) are also identified.